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Abstract 

Noise tests were conducted with small-scale 
models of externally blown-flap powered-lift systems 
that were subjected to simulated takeoff and landing 
free-stream velocities by placing the nozzle -wing 
models in a free jet. Ttye nozzle configurations 
consisted of a conical and an 8 -tube mixer nozzle. 
The results showed that the free -stream velocity at- 
tenuated the noise from the various configurations, 
with the amount of attenuation depending on the flap 
setting. More attenuation was obtained with a flap 
setting of 20° than with a flap setting of 60°. The 
dynamic effect on the total attenuation caused by 
aircraft motion is also discussed. 

Introduction 

A number of experimental model studies have 
been made j,n order to determine the noise generat- 
ing characteristics of short-haul aircraft employ- 
ing an externally blown flap (EBP) powered-lift sys- 
tem with lower surface blowing (refs. 1 to 6) . The 
results have shown that flap noise is proportional 
to tfie sixth ppwer of the peak jet impingement ve- 
locity at the flap location. Thus, a small in- 
crease in the jet impingement velocity due to any 
cause can result ip a substantial rise in flap 
noise. 

Experimental work on the effect of forward ve- 
locity on jet flows (ref. 7) has shown that with 
forward velocity the jet flow field is stretched ax- 
ially so that at a .given point downstream of the 
nozzle exhaust plane (such as the flap location) the 
local velpcities are increased. This implies that 
an increase in flap noise should be incurred with 
forward velocity compared to that obtained statical- 
ly. At the sajne time, however, forward speed alters 
the flew field about the wing -flap system which has 
an undetermined acoustic effect. Furthermore, the 
jet exhaust noise is attenuated by the free -stream 
velocity. The net effect of forward velocity on the 
noise signature of an EBF system under the preceding 
simultaneous complex effects is presently not well 
understood. 

Very limited acoustic data (ref. 8) obtained 
with a large-scale EBF mod^l in a wind tunnel showed 
that the free stream velocity, herein also called 
relative velocity effect* decreased the noise level 
only about 2 dB in the low frequency range when the 
flaps were highly deflected as would be the case for 
landing (forward velocity about 45 m/sec). 

The purpose of this report is to present the 
results of an experimental program that was under- 
taken at th^ MSA bewis Research Center to investi- 
gate the acoustic characteristics of a model EBF 
system when exposed to a free -stream velocity in a 
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free jet. Comparisons are made between the data ob- 
tained statically (without airspeed) and that ob- 
tained with airspeed to show the magnitude of the 
effect of forward airspeed on various model EBF con- 
figurations. The configurations included a conical 
nozzle (5.08 cm diameter), an 8 -tube mixer nozzle 
(3.98 cm equivalent diameter), and a model wing 
(32.4 cm chord) with two trailing flaps that could 
be placed at various settings relative to the wing 
chordline. Forward airspeed was simulated by flow 
from a free jet (nozzle diameter, 33 cm). The test 
nozzles and model wing were mounted downstream of 
the exhaust plane of the free jet and centered on 
its axis. Nominal jet exhaust velocities ranged 
from 208 to 290 m/sec and free -stream velocities 
from zero to 53 m/sec. 

Nozzle -wing configuration noise characteristics 
in the program are presented in terms of overall 
' sound pressure levels (OASRL) and sound pressure 
level (SEL) spectra. The effect of relative motion 
of the noise source with respect to the observer is 
not accounted for in the measured acoustic data 
from free jets and wind tunnels. This dynamic ef- 
fect is discussed herein and an approximation of 
this effect is calculated and shown for representa- 
tive acoustic data obtained with the free jet. 

Apparatus and Procedure 

Facility 

A 33 -cm diameter free jet, described in refer- 
ence 9* was used to obtain airspeed effects for the 
acoustic tests. Free jet velocities of 0, 43, and 
53 m/sec were used in the present studies. A photo- 
graph of a typical nozzle -wing configuration in- 
stalled in the free jet is shown in figure 1. 

The noise data were measured by fifteen 1.27 cm 
diameter condenser microphones placed at various in- 
tervals on a 3.05 meters radius circle around the 
wing-nozzle setup. The center of the microphone 
circle was located at the exit of the 5.06 cm diam- 
eter convergent nozzle. The microphone circle was 
in a horizontal plane 3.91 meters above an asphalt 
surface and perpendicular to the vertically mounted 
wing. The plane of the microphone circle passed 
through the nozzle axes. A standard piston cali- 
brator (124 ±0.2 dB, 250 Hz tone) was used to cal- 
ibrate the condenser microphones. Wind screens were 
placed on all microphones. The noise data were an- 
alyzed by a one-third octave band spectrum analyzer 
referenced to 2 x 10“^ newtons per square meter. 

Strain-gage pressure transducers were used to 
measure total pressures upstream of the nozzles. 
Temperatures were measured upstream of the nozzles 
by thermocouples immersed in the flow stream. 

Weather data were also monitored and recorded 
(barometer, temperature, humidity, wind speed and 
direction). 
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Test Models 

Two different pozzies were used in this pro- 
gram; a 5.08 cm diameter conical nozzle and an 8- 
tube mixer nozzle y±th an equivalent diameter of 
3.98 cm. The dimensions of the test setup using 
the 5.08 qm nozzle are shown ixx figure 2. The noz- 
zle was attached to a 10.16 cm outside diameter 
supply line that was concentric with a 33 cm diam- 
eter convergent nozzle (fig. 2(a)). The exit of 
the 5.08 cm nozzle was 22.8 cm downstream of the 
exit of the larger nozzle. The partial span wing 
section ;Ls the sapie as that us$d in reference 2. 

The wing had two flaps that were placed in the fol- 
lowing settings, (l) 10° - 20° (takeoff) with re- 
spect to. the wing chord line, and (2) 30° - 60° 
(landing). The wing had a partial span of 61 cm - 
and a chord length of 32.4 cm with the flaps re- 
tracted, The leading edge of the wing was set at 
6,06 cm downstream pf the exit of the 5,08 cm noz- 
zle and 9.15 cm from the nozzle axis. The wing 
chord line was at a 5 degree angle of attack rela- 
tive to the nozzle axis. The wing was mounted with 
the spanwise direction in a vertical plane. Details 
of the conical nozzle are shown in figure 2(b). 

In figure 3(a) the dimensions and arrangement 
of the 8 tube mixer npzzle of the wing setup are 
shown. The 8 tube nozzle exit was located 31.40 cm 
downstream of the exit of the 35 cm nozzle and 
2.54 cm downstream pf the leading edge of the wing. 
Again, tjie leading edge of the wing was 9.15 cm 
from the axis of the nozzle and the win^ chord line 
was set at a 3 degree angle of attack relative to 
the nozzle axis. Figure 3(b) gives the details of 
the Q tube nozzle. The nozzle had eight 1.41 -cm 
inside diameter tubes equally spaced with cexxters on 
an Q cm diameter circle. A conical afterbody was 
installed, to prevent flow separation. The equiv- 
alent diameter of the 8 tube nozzle (diameter of 
single tube with $ame total exit area) was 3.9Q cm. 

Procedure 

Far field noise data were taken in the flyover 
plane for various jet velocities. The test proce- 
dure' was to obtain steady flow conditions for a 
given total pressure upstream of each nozzle. Three 
noise data samples were taken at each microphone lo- 
cation. An atmospheric loss correction was applied 
to the average of bhc three samples to give lossless 
sound pressure level data at 3,05 meters. 

The noise from the free jet (large nozzle) con^- 
tribute d. substantially to the total noise of the 
system only in the low frequency region of the spec- 
tra (below 400 Hz), Therefore, the effect of the 
free -stream velocity on the noise from the small 
nozzle -wing configurations is shown only for those 
frequencies for which the contribution of the free 
jet can be considered negligible (generally less 
than 1 dB) . 

. Uozzle exhaust velocities were calculated from 
the isentropic equations using the total pressures 
and temperatures measured upstream of the nozzle ex- 
haust planes. 

Results and Discussion 

The acoustic data are presented in terms of 
overall sound pressure levels and spectra. In gen- 
eral, the effect of the free -stream velocity was to 
attenuate the noisq levels measured statically. 


However, the amount of attenuation decreased with 
increased flap deflection. In general, the data 
trends are discussed at the test directivity angles 
(measured from the nozzle inlet) most closely rep- 
resenting the maximum noise levels during flyover. 
Thus, the data at a directivity angle of 100 for a 
10° - 20° flap setting represents the aircraft at 
takeoff. Similarly, the data at a directivity angle 
of 80° with a flap setting of 30° - 60° represents 
the aircraft for the landing attitude. Details of 
the acoustic levels, spectra and trends are dis- 
cussed in the following sections. 

Overall Sound ires sure Level 

The overall sound pressure level (OASED) direct- 
ivity patterns for the test nozzles with the wing 
are shown in figure 4 with and without free -stream 
velocity. The data are presented in terms of OASfL 
as a function of the directivity angle, 8, for flap 
deflection angles of 10° - 20° and 30° - 60° for 
both the conical nozzle (fig, 4(a)) and the 8-tube 
mixer nozzle (fig. 4(b)). The data shown are for a 
nominal jet exhaust velocity of 290 m/ sec j however, 
they are representative of data taken at the other 
jet velocities used in the study. It is apparent 
that the attenuation due to relative velocity is 
much greater with a 10° - 20° Hap setting (clear 
symbols) than that with a 30° - 60^ flap setting 
(solid symbols). At the higher flap setting, the 
attenuation due to relative velocity generally a- 
mounted to less than 2 dB over a range of directivity 
angles from 40° to 100°, Similar acoustic results 
are reported in reference 8 for large-scale model 
tests in a wind tunnel. Attenuation of QASEL due to 
relative velocity, in general, is similar at all 
directivity angles and dependent on flap setting for 
the range of conditions included herein. With a 
30° - 60 ' 0 flap setting, a significant reduction in 
OASEb was obtained at a directivity angle of 150° 

(not shown in figure 4)* however, the noise level at 
this directivity angle is of no great significance 
in estimating the flyover noise for an aircraft due 
to the long path length from the noise source to the 
.ground. 

The 0ASEL values as a function of relative ve- 
locity, U- - U 0 , are shown for both nozzle -wing con- 
figurations in figure 5 for a 10° - 20° fl^p setting 
and in figure 6 for a 30° - 60° flap setting. Di- 
rectivity angles of 100° and 80°, respectively are 
associated with these two flap settings. The effects 
of jet velocity and airspeed will be discussed in 
terms of power -law exponents, i. e f , 0ASEL ~ 10 log 

M-W . The total effect of relative veloc- 
ity, Uj - U q , at a constant is given by k < Q ■> * 

(a)(b). With zero forward velocity, the data indi- 
cate a nominal 7-power relation of the 0ASEL with 
the jet exhaust velocity for all configurations. 

With a free -stream velocity (free jet) the power re- 
lation of OASEL with the relative velocity (k < & > 
exponent), however, is a function of the configura^ 
tion and flap setting. With a 10° - 20° flap set- 
ting (fig. 5(a)), the QASHi for the coni cal -nozzle/ 
wing had. a nominal 3.5 power variation with relative 
velocity, whereas the mixer -no zzle/wing (fig. 5(b)) 
had a nominal 4.9 power variation with relative ve- 
locity. With a 30° - 60° flap setting, the 0ASH 
for both configurations showed a nominal 1.4 power 
variation with relative velocity. 
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The variation of OASEL with relative velocity 
was correlated by using the relationship 
Uj. (1 - Uq/Uj) 3, as shown in figures 7 and 8, Nom- 
inal values of the a-exponent are shown in the ab- 
scissa of the figure parts. - The a-exponent is the 
ratio of the relative velocity power shown in fig- 
ure 5 to the power for the static case hereinafter 
called b-exponent; for example, in figure b(a), a = 

K < Q >/b = 3.5/7 =0.5, Good correlation of the 
data is evident for both nozzle -wing configurations 
and both flap settings. At other directivity ang- 
les, the a- and b -exponents differed somewhat de- 
pending on the nozzle used and the flap setting. A 
summary of the nominal values for these exponents is 
given in Table 1 for all nozzle -wing configurations, 
flap settings, and directivity angles. 

Spectra 

The effects of airspeed on the nozzle -wing 
spectra are summarized by the data shown in fig- 
ures 9 to 16, Except as noted, the data shown are 
at the maximum noise directivity angles associated 
with flap settings for takeoff and landing. 

Effect of forward speed , - In figures 9 and 10, 
the normalized nozzle -wing spectra are shown in the 
familiar terms of SEL-OASEL as a function of fre- 
quency for various airspeeds. The data shown are 
for a jet exhaust velocity of 290 m/sec and flap 
settings of 10° - 20° (fig. 9) and 30° - 60° (fig. 
10) with corresponding directivity angles of 100° 
and 80°, respectively. For frequencies above 
1200 Hz good correlation of the data, with and with- 
out airspeed, is achieved for all configurations. 

At frequencies below 600 Hz, the attenuation due bo 
the airspeed is greater than that at the frequen- 
cies above 1200 Hz, as evidenced by the greater neg- 
ative SEL-OASEL values obtained with the forward 
speed compared to those obtained statically. This 
anomaly will be discussed herein in a later section 
dealing with the identification of apparent noise 
sources. The data also imply that a Strouhal num- 
ber correlation based on the jet exhaust velocity 
should be used rather than one based on jet relative 
velocity (Uj - U c ) since the latter would cause a 
lateral shift in the data shown in figures 9 and; 

10 . 

Effect of jet exhaust velocity . - The effect of 
changes in jet exhaust velocity on the spectra with 
a constant airspeed is shown in figures 11 and 12. 
The spectral data are plotted in terms of Strouhal 
number (based on the effective nozzle diameter and 
the jet exhaust velocity) for both nozzle -wing con- 
figurations and flap settings of 10° - 20° and 30° - 
60° with corresponding directivity angles of 100° 
and 80°, respectively. The data show good correla- 
tion of the spectra over the entire frequency range 
for all configurations. Also it is evident again 
that the jet exhaust velocity rather than the jet 
relative velocity should be used for the Strouhal 
number . 

Effect of Directivity Angle . - The spectra at 
various directivity angles are shown in figures 13 
to 16, for both nozzle -wing configurations and flap 
settings of 10° - 20° and 30° - 60°. The data are 
shown in terns of SEL-OASFL as a function of fre- 
quency for forward speeds of zero and 53 m/sec and 
with a jet exhaust velocity of 290 m/sec. In gen- 
eral, the spectra shape is substantially independent 
of directivity angle. 


Noise Sources 

The spectral distribution of noise level (SEL) 
with frequency indicates, for static conditions, pre- 
sence of several dominant noise sources. These noise 
sources are identified in the spectral plots shown 
in figure 17, in which the spectra for the nozzle 
alone is included as a reference level. First, 
noise contributed by the trailing edge of the second 
flap is indicated for a relatively narrow band of 
low frequencies (200 to 800 Hz in fig. 17). Second- 
ly, turbulence generated broadband noise caused by 
the interaction of the turbulent jet exhaust with the 
flap surfaces is indicated at frequencies greater 
than about 800 IIz. Finally, the mixer nozzle -wing 
configuration shows a narrow band noise source peak- 
ing near 3500 Hz (fig. 17(a)). The source of this 
noise may possibly be associated with the jet flow 
through the region of the opening between the first 
and second flaps. This noise source may be peculiar 
to this type of nozzle -wing configuration. From the 
data shown in figure 17, it is apparent that, for 
the flap settings used, the trailing edge noise 
source (low frequencies) is independent of flap set- 
ting. The noise source near 3500 Hz in figure 17(a) 
appears to be similarly independent of flap setting. 
The broadband turbulence generated noise, however, is 
dependent on the flap setting. This source decreases 
in noise level with a decrease in flap setting as 
well as shifting the location of the peak noise to a 
lower frequency. At frequencies greater than 5000 
IIz, the jet noise of the mixer nozzle is dominant. 

Trailing edge noise . - A more detailed look at 
the low frequency (500 Hz) noise source (fig. 18) 
shows that it extends over a wide range of directiv- 
ity angles. With a 10° - 20° flap setting, the 
noise level peaks near a directivity angle of 80°, 
Increasing the flap setting to 30° - 60° causes the 
peak noise location to shift to a directivity angle 
of less than 60°. Significant noise attenuation was 
obtained with forward speed for the nozzle -wing con- 
figurations and flap settings used herein, (This 
was previously noted in the discussion of figures 9 
and lo). The relative velocity exponents applicable 
to this noise source are summarized in Table 2. ft 
should be noted that these relative velocity power 
relations are considerably greater than those ob- 
tained for the QASEL values (figs. 5 and 6). While 
this low frequency noise may not contribute signif- 
icantly to the perceived noise level of a full-scale 
aircraft, it is a problem with regard to structural 
vibrations and fatigue. 

5500 Hz noise source . - The nominal bandwith of 
the nominal 3500 Hz noise source appears to be some- 
what narrower than that of the low frequency source 
just discussed. The 3500 Hz source peaks near a di- 
rectivity angle of 80° and decreases rapidly in SEL 
to both sides of this angle. For static conditions, 
the peak noise level varies with the 8 -power of the 
jet exhaust velocity. With forward speed, the noise 
level of the source varies as the 4.8-power of the 
relative velocity. 

Aircraft Motion Effects 

As stated earlier, the following approximate 
relation, taken from reference 6, holds in the fly- 
over plane for the decrease in OASEL due to airspeed 
effects: 

A(0ASH,) rv = 10 k < 0 > log L - d£ (1) 
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The empirical parameter k < Q > is a function of the 
flap setting and the directivity angle. Values for 
this parameter, as previously stated, are determined 
from the product of (a)(b) given in Table 1* 

In order to obtain preliminary estimates of 
aircraft motion effects on the flap noise, the ef- 
fect of relative motion of the noise source with re- 
spect to the observer must be added to the jet rel- 
ative velocity effects measured in a free jet or 
wind tunnel. Reference 10 gives the relative motion 
effects for a point dipole noise source. If it is 
assumed, as a rough approximation, that the flap 
noise field can be treated as if it were radiating 
from a point dipole on the trailing flap, then the 
dynamic effect or convective (Doppler) amplification 
is given by 

A(0ASFL) d = -40 log ji - (^j cos ej, dB (2) 

which is an approximation even in the case of a 
point dipole. The Doppler effect on frequency is 
given by 



Summary of Results 

The results of an investigation of the effect 
of relative velocity using a free jet to simulate 
forward velocity on the noise characteristics of 
model EBF powered-lift systems can be summarized as 
follows ; 

1, Airspeed attenuates the noise generated by 
an externally blown flap (EBF) system. The degree 
of attenuation depends on flap settings. A system 
with a highly deflected flap setting (landing) has 
less attenuation than one with less deflection 
(takeoff) . 

2, Noise radiation patterns were substantially 
unchanged over the range of conditions investigated 
when the model was subjected to forward velocity. 

3, Overall sound pressure levels as a function 
of relative velocity depended on flap setting and 
directivity angle. 

Preliminary consideration of source motion ef- 
fects indicated increases in the noise above levels 
measured with a model in a free jet (or wind tunnel) 
in the forward quadrant and additional attenuation 
in the rearward quadrant. 


The two effects of aircraft motion can be com- 
bined into a single expression to represent the net 
effect on flap noise (ref. 6). Thus, the OASPL for 
an EBF system is given by 

QASELj-y = 0ASH.g - 40 log Jl -^) cos ej ■ 

+ 10 k < 0 > log (l - d3 (4) 

and the frequency shift is given by equation (3). 

Simple illustrations of the expected effect of 
aircraft motion on the flap noise level are shown 
in figure 19. In this figure, polar plots of the 
measured QASPL obtained in the free jet are shown 
by the circle symbols for the conical nozzle -wing 
configuration with flap settings of 10° - 20° 

(fig. 19(a)) and 30° - 60° (fig. 19(b)). The data 
are for a jet exhaust velocity of 290 m/sec and a 
forward speed of 53 m/scc. The inclusion of the ef- 
fects of relative motion of the source with respect 
to the observer is shown by the solid curves in 
figure 19, For comparison, the data with zero air- 
speed (square symbols) are also included. With the 
source motion effect, the noise levels are in- 
creased in the forward quadrant, resulting in less 
attenuation than that due to the relative velocity 
effect measured in a free jet or wind tunnel. In 
the rearward quadrant, the effect of source motion 
decreases the noise levels resulting in additional 
attenuation compared with the noise levels obtained 
with only the relative velocity effect measured in 
a free jet or wind tunnel. The source motion ef- 
fect is seen to increase as the directivity angles 
approach the nozzle axis. No effect of source mo- 
tion occurs at 6 - 90 °, as is apparent from equa- 
tion ( 2 ) . 


Nomenclature 

a,b exponents used in Table 1 

C 0 ambient speed of sound 

D nozzle diameter 

D e equivalent nozzle diameter 

f 1/3 octave band center frequency 

k < 0 > empirical parameter characterizing direc- 
tivity angle and interaction noise ef- 
fects 

OASHj overall sound pressure level, dB, re 
2 X 10' 5 N/M2 

SEL 1/3 octave band sound pressure level, dB, 

re 2 x 10 “ 5 N/m 2 

U3 jet velocity at nozzle exhaust plane 

U 0 forward velocity 

0 directivity angle measured from inlet 

Subscripts 

D Doppler 

FV forward velocity 

RV relative velocity 

9 angular location 
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Table 2. - Low Frequency Noise Source Character- 


istics; SEL ~ (Uj - U D ) k < 0 > 


Flap 

deflection 
angle, deg 

Nozzle 

type 

Jet relative 
velocity 
exponent, 
k < Q > 

Directivity 
angle of 
peak SEL, 
deg 

static 

with 

air- 

speed 

static 

with 

air- 

speed 

10 - 20 

Conical 

3.2 

8.0 

90 

100 

30 - 60 

Conical 

3.5 

4.0 

< 60 

< 60 

10 - 20 

Mixer 

4.8 

U.O 

> 0 

60 

30 - 60 

Mixer 

7.0 

7.0 

< 60 

< 60 


5 






Figure 1. - Externally blown flap airspeed-effect test installation with 
8-tube mixer nozzle. 
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(b) CONICAL NOZZLE DETAIL. 

Figure 2. - Conical nozzle - wing installation in free jet. Winq flaps in 
landing position, 30°-60°. (All dimensions in centimeters. ) 


UNDERSIDE OF WING 



^1.59 OD x 1.41 ID TUBE (8 EQUALLY SPACED 
ON 8 CM DIAM CIRCLE, EQUIVALENT DIAM, 3.98 CM) 

(b) 8 TUBE MIXER NOZZLE DETAIL 

Figure 3. - 8 Tube mixer nozzle - wing installation in free jet Wing 
flaps in landing position, 30°-60°. (All dimension in centimeters). 
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Figure 4. - Variation of OASPL with directivity angle. 
Uj, 290 m/sec. 
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(b) MIXER NOZZLE. 


Figure 5. - Variation of OASPL with relative 
velocity. Flap deflection angle, 10°-20°; 
directivity angle, 100°. 
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(b) MIXER NOZZLE. 

Figure 6. - Variation of OASPL with 
relative velocity. Flap deflection angle, 
30°-60°; directivity angle, 80°. 
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Ujll -(Uj/Uj)] 0 - 5 , M/SEC 


la) CONICAL NOZZL£. 



Ujll -lUg/Uj)! 0 - 7 , M/SEC 
(b) MIXER NOZZLE. 

Figure 7. - Correlation of OASPL with 
relative velocity parameter. Flap de- 
flection angle, 10°-20°; directivity 
angle, 100°. 
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RELATIVE VELOCITY PARAMETER, 
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(W MIXER NOZZLE. 

Figure 8. - Correlation of OASPL with 
relative velocity parameter. Flap 
deflection angle, 30°-60°; directivity 
angle, 80°. 
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• FREQUENCY, kHz 
(b) MIXER NOZZLE. 

Figure 9. - Normalized spectra with flap deflection angle 
of 10° -20° as a function of frequency. Directivity angl 
100°; Uj, 290 mfsec. 
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Figure 10. - Normalized spectra with flap deflection of 
30°-60° as a function of frequency. Directivity angle 
80°; Uj, 290 m/sec. 
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(a) CONICAL NOZZLE. 



Figure 11. - Normalized spectra as a function of Strouhal 
number for flap deflection angle of 10° -20° Directivity 
angle, 100°; u 0 , 53 m/sec. 
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Figure 12. - Normalized spectra as a function of Strouhal 
number for flap deflection angle of 30°-60° Directivity 
angle, 80°; U 0 , 53 m/sec. 




FREQUENCY, kHz 
<b> U 0 , 53 M/SEC. 

Figure 13. - Normalized spectra with conical, nozzle as a 
function of frequency for various directivity angles. 
Flap deflection angle, 10°-20° ; Uj, 290 ml sec. 
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(b) U 0 , 53 M/SEC. 

Figure 14. - Normalized spectra with mixer nozzle as a 
function of frequency for various directivity angles. 
Flap deflection angle, 10° -20°; Uj, 290 m/sec. 




Figure 15. - Normalized spectra with conical nozzle as a 
function of frequency for various directivity angles. 
Flap deflection angle, 30°-$0°; Uj, 290 m/sec. 
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FREQUENCY, kHz 
(b) U 0 , 53 M/SEC. 

Figure 16. - Normalized spectra with mixer nozzle as a 
function of frequency for various directivity angles. 
Flap deflection angle, 30°-60° ; Uj; 290 m/sec. 
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(b) CONICAL NOZZLE. 

Figure 17. - Jet -flap interaction noise spectra as a func- 
tion of frequency for static conditions. U i( 290 m/sec; 
directivity angle, 80°. ’ 
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DIRECTIVITY ANGLE, 0, DEG 


(b) MIXER NOZZLE. 

Figure 18. - Peak trailing edge interaction noise SPL at 
500 Hz as a function of directivity angle for static con- 
ditions. 



o RELATIVE VELOCITY (FREE JET) DATA 

□ STATIC DATA 

RELATIVE VELOCITY DATA CORRECTED 

FOR DYNAMIC EFFECT 


OASPL, 

dB 



(a) FLAP DEFLECTION, 10°-20°. 



180° 


(b) FLAP DEFLECTION, 30° -60°. 

Figure 19. - Typical effect of aircraft motion on flap noise 
level measured in free jet. Us, 290 mlsec; U 0 , 53 m/sec ; 
conical nozzle. ' 



